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PREFACK 

IP-ZV«  th*  fourth  •xperlaont  of  the  Logistics  Systesu  Lsboratory, 
Is  now  in  preperetioo.  Its  priamry  focus  is  on  aaintenence  asnsgeaent 
at  sir  base  level. 

In  the  course  of  a  logistics  problen  (UP),  it  is  necessary  to 
contact  aany  Air  Force  organisations  for  data  and  other  infozvatlon, 
and  to  obtain  participcucts  in  the  experlaents.  Therefore,  it  is  cus- 
tonary  to  visit  the  relevant  headquarters  and  brief  then  on  the  parti¬ 
cular  experiment. 

This  RAND  Memorandum  contains  the  text  of  such  a  briefing,  which 
is  intended  to  provide  Air  Force  staff  officers  with  an  over-view  of 
LP-IV:  its  objectives,  policy  areas  to  be  investigated,  the  man- 
machine  simulation  model,  technical  approach,  current  status,  and 
future  plans.  It  was  presented  during  September  1962  at  Headquarters 
SAC  and  to  the  staffs  of  the  Assistant  for  Logistics  Planning  and 
the  Director  of  Maintenance  Engineering  of  DCS/Systems  and  Logistics 
at  Headquarters  USAF. 

Further  background  on  the  Logistics  Systems  Laboratory  is  given 
in  N.  A.  Gelsler,  W.  W.  Baythom,  and  W.  A.  Steger,  Simulation  and 
the  Logistics  Laboratory.  The  RAND  Corporation,  RM-3281-PR,  September 
1962,  which  describes  the  history  of  the  Laboratory  and  the  three 
previously  held  experiments. 


Bm  fourth  Logistic*  Uborstory  Problsa  (tf«ZV)  has  hssn  dsslgasd 
prlasrlljr  to  study  l^provsasnts  In  hass-lsrsl  ■alntsnsaes  Mnsgsusnt 
and  Inforuatlon  aystaus.  IP-IV's  sseondary  objsetlvss  art  to  darslqp 
a  systaas  training  capability  for  bass  aalntananca  ■anagsaant,  and  to 
advance  stat*-of-th*«art  rasaareh  In  aanagaaent.  Savaral  factors  da- 
taralnad  tbs  study's  subject  aattar:  a  continuing  squeeaa  on  Bain> 
tenanca  support  rasourcas;  a  naad  to  weigh  proposad  reflnaaents  In 
AIM  66-1,  as  wall  as  tha  valua  of  advancad  data  proeasslng  systaas; 
and  a  broad  background  of  available  RAND  rasaareh  data  and  tactanlquas. 

Tha  IP- IV  study  will  Intaralx  a  nuabar  of  rasaareh  tachnlquas, 
Including  aan-aachina  slaulation,  all-coaputar  slaulation,  and  statis¬ 
tical  analyses. 

In  evaluating  tha  policies  under  test,  IP- IV  will  eaploy  savaral 
broad  classes  of  Intarrelatad  criteria:  direct  increase  In  operational 
capability,  aora  coaplete  auid  accurate  picture  of  base  nalntanance 
activities  within  existing  resource  constraints,  uore  effective  use 
of  resources,  axid  improved  ability  for  future  planning. 

To  establish  a  oanageable  nuaber  of  policies  susceptible  of  in¬ 
tensive  study  within  IP-IV,  both  Air  Force  and  RAND  personnel  are  cur¬ 
rently  screening  a  long  list  of  potential  candidates.  On  the  naln- 
tenance  policy  side,  such  areas  as  flight-line  dispatch  rules,  pri¬ 
ority  systems  for  shop  processing,  and  shift  manning  are  being  ex¬ 
plored.  On  the  data  processing  and  data  display  side,  the  investiga¬ 
tions  range  from  refinements  of  codes  and  forms  now  used  in  AFN  66-1 
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to  the  design  end  test  of  s  fully  automated  and  centralised  mainten¬ 
ance  data  processor. 

In  addition  to  examining  each  policy  area,  this  Memorandum  also 
describes  briefly  the  man-aachlne  simulation  model  planned  for  LP-IV. 
The  model  will  be  manned  by  Air  yo.'ce  personnel  experienced  in  such 
functions  as  DCM,  Job  control,  production  control,  maintenance  plans 
and  schedules,  reports  and  analyses,  and  shop  supervision. 

The  over-all  LP-IV  design  visualises  a  benchmark  or  yardstick 
case  against  which  proposed  policy  innovations  can  be  measured.  The 
benchmark  case  —  a  B-52/XC-135  maintenance  management  activity  --  is 
built  %rith  real-world  data  and  policies  abstracted  from  AFM  66-1. 
Changes  In  benchmark  policies  or  procedures  will  be  assessed  during  a 
series  of  "B-»’l”  and  "B-*-^"  runs.  The  former  iaqply  innovations  for 
which  possible  field  implementation  could  be  accomplished  in  a  year 
or  less;  the  latter  innovations  would  require  several  years  for  field 
implementation . 

At  present,  a  mockup  of  the  benchmark  ease  is  underway  in  the 
Laboratory.  A  "record"  run  for  the  benchmark  case  is  targeted  for 
January,  1963*  It  is  proposed  that  Hq.USAF  and  several  major  air 
commands  meet  with  BAUD  in  January,  1963  ft>r  further  discussions  re- 
gcurdlng  policies  to  be  Investigated  in  the  "B^l"  and  "B»'5"  runs 
during  calendar  year  1963- 
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1.  iircRoiwcTKai 

Laboratory  nroblMi  ZV  concema  base  aaintenaace  aanagemant  and 
base  Infonstlon  systems. 

Through  the  use  of  field  and  statistical  studies,  oan-aachlne 
simulations,  all-computer  simulations,  and  through  the  Joint  efforts 
of  several  HARD  groiqps,  LP-IV  will  pull  together  past  research  find¬ 
ings,  and  others  still  under  development  in  an  Intensive  effort  to 
meet  three  major  objectives. 

Our  first  is  to  develop  and  evaluate  an  iaqproved  base  maintenance 
managesmnt  system.  In  this  development  we  will  pay  particular  atten¬ 
tion  to  the  multl-weapon/multl-ccamand  type  of  Air  Base  that  is 
emerging  for  major  segments  of  the  Air  Force.  We  will  stress  the 
development  of  a  unified  structure  of  goals  and  sub-goals  for  base 
maintenance  management.  We  believe  that  there  is  such  value  in 
demonstrating  to  the  Air  Force  the  specific  benefits  that  a  unified 
goal  structure  can  give  to  base-level  maintenance.  Within  the  con¬ 
text  of  such  an  explicit  stiructure,  ve  would  formulate  a  set  of  pre¬ 
ferred  maintenance  policies  and  define  an  information  suid  data  system 
that  both  simplifies  and  improves  the  numerous  base-level  information 
collection,  processing  and  analysis  tasks.  In  addition,  higher  com¬ 
mand  echelons  and  AFLC  depend  upon  information  produced  at  base-level 
for  much  of  their  work;  to  this  point,  LP-IV  will  improve  the  level 
of  aggregation  necessary  to  meet  such  off-base  requirements.  Finally, 
we  anticipate  that  such  a  data  emd  information  system  should  facili¬ 
tate  the  use  and  development  of  a  number  of  maintenance  management 
control  techniques. 
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Our  second  objective  Is  to  develop  a  training  and  evaluation 
capability  for  base  aaintenance  nanageaent .  In  our  base  visits,  %re 
have  frequently  heard  a  need  expressed  for  aore  training  in  aaintenance 
aanageaent  functions.  In  our  previous  LPs,  participating  officers  and 
alnnen  --  during  their  stay  at  RAND  and  after  their  return  hceie  —  have 
frequently  said  that  their  LP  experience  vas  of  ccnslderable  help  in 
the  perfomance  of  their  on-statlon  Jobs.  Ve  are  also  aware  of  the 
Interest  in  eui  education  and  evaluation  device  by  the  AF  Log  School 
at  Wright -Patterson.  We  believe  that  the  laboratory  facility  planned 
for  LP-IV  is,  in  fact,  a  prototype  training  facility.  Prom  it  we  plan 
to  derive  a  set  of  specifications  and  models  for  use  by  the  Air  Force. 

The  third  and  final  objective  relates  to  our  recognition  that 
our  know-how  for  conducting  R  &  D  on  large  management  information 
systems  is  subject  to  considerable  Improvement.  In  LP-IV,  ve  plan 
to  attend  to  the  several  Important  methodological  issues  which  will 
advance  the  state -of - the -eurt  in  this  area. 

TMs  presentation  gives  special  emphasis  to  the  first  of  the 


three  major  objectives. 
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II.  IMPLICATIONS  FOR  THE  AIR  FORCE 

nte  decision  to  intensify  our  study  of  base  maintenance  manage¬ 
ment  was  made  after  a  careful  review  of  a  number  of  critical  factors. 

With  the  introduction  of  AFM  66-1  several  years  ago,  significant 
progress  has  been  made  in  the  base  maintenance  mansgement  area.  But 
software  systems,  like  haurdware  systems,  require  product  and  systems 
inqprovements  if  they  are  to  continue  to  serve  the  manager  effectively. 
With  Air  Force  experience  in  the  use  of  66-1,  with  the  potential  gains 
indicated  by  completed  and  in-process  resesurch  at  RAND,  and  with  the 
heightened  interest  by  the  other  services  in  66-1,  it  is  timely  for 
an  augmented  effort  to  pull  together  and  evaluate  ways  to  Improve 
base  maintenance  maxu^ements.  We  plan  to  "home-in"  more  precisely 
on  the  elements  of  data  required  by  maintenance  managers,  and  to  de¬ 
velop  techniques  for  reducing  data  into  timely  reports  for  effective 
maintenance  direction.  An  intensive  study  undertaken  in  data  process¬ 
ing  techniques  that  will  be  commonplace  in  the  middle  and  late  sixties 
as  well  as  in  the  data  processing  framework  of  today  will  help  assure 
the  Air  Force  that  base  maintenance  management  systems  keep  pace  with 
changing  technologies  as  well  as  with  current  and  anticipated  require¬ 
ments. 

Another  of  the  factors  that  compelled  this  topic  choice  for 
If- IV  concerns  the  matter  of  such  maintenance  resources  as  personnel, 
support  equipment,  facilities  and  spares.  The  pressures  for  reducing 
these  resources  is  not  likely  to  subside.  As  a  matter  of  fact,  we 
see  mounting  pressures  for: 
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1.  mMtlng  higher  operetlonal  alert  requirements, 

2.  reducing  the  rising  cost  of  base  maintenance, 

3<  meeting  the  challenge  of  the  reported  shortages  in  base 
manpower, 

h.  managing  mixed  weapon  inventories,  and 

3.  meeting  quick  or  selected  response  requirements. 

And  though  numerous  illustrations  exist  within  the  Air  Force 
showing  how  changes  in  management  policy  have  had  positive  effects 
on  performance,  a  considerable  amount  of  research  experience  continues 
to  be  available  for  iiiq>roving  base  maintenance  management  further. 
LP-IV's  backdrop  of  broeui  experience  started  in  195^  with  RAND's 
involvement  in  Project  Lock>On  with  ADC  and,  over  the  years,  in¬ 
cludes  such  highlights  as  the  work  on  Management  Information  for  the 
missile  force,  the  detailed  analysis  of  the  SAC  ground  and  airborne 
alert  problem  through  coisputer  simulations  of  base  maintenance  opera¬ 
tions  interactions,  the  work  on  analyzing  the  ADC  Full-House  test 
data,  and  the  LF-II  studies  of  such  problems  as  resource  allocation 
and  maintenance  scheduling  for  the  ICBM.  RAND  is  currently  working 
at  Oxnard  AFB  to  determine  whether,  with  minor  additions  to  the  cur¬ 
rent  66-1  system,  significant  weapon-centered  data  can  be  provided 
to  maintensuice  managers. 

References  to  these  studies  plus  a  more  cooplete  listing  of  the 
background  data  available  to  LP-IV  is  included  in  the  bibliography 
at  the  end  of  this  Memorandum.  IMs  is  a  considerable  amoxint  of 
on-the-shelf  research  information.  A  number  of  these  studies  have 
been  found  usefvil  by  the  Air  Force  in  developing  its  msdntenance 


MnagtMnt  systca.  Bomvtr,  others  have  never  been  put  together  in 
a  consistent  and  extensive  test  or  analysis  as  planned  in  LP-IV.  By 
eeploylng  these  available  proposals  in  a  realistic  laboratory  setting, 
both  BAUD  and  the  Air  Force  will  be  able  to  aake  assesaaents  of  their 
utility  and  suitability  for  possible  field  iapleaentation. 
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ni.  CRITERIA 

In  If-IV's  test  of  alternative  aslntenance  policies  and  data 
systems,  prime  consideration  will  be  given  to  relating  proposed  in¬ 
novations  to  the  following  four  broad  classes  of  interrelated 
criteria: 

1.  direct  Increase  in  operational  capability, 

2.  more  complete  and  accurate  picture  of  base  maintenance 
activities, 

3*  more  effective  use  of  resources,  and 

U.  improved  ability  for  future  planning. 

In  tying  proposed  liq>rovements  to  these  criteria,  we  are  at¬ 
tempting  to  make  explicit  and  coherent  a  goal  structure  we  believe 
properly  befits  base-level  mlntenance  activity.  Too  often,  we  find 
certain  aspects  of  base  maintenance  criticized  only  because  the 
critics  have  assumed  goals  or  sub-goals  different  from  those  assumed 
at  the  base  level  itself.  For  example,  a  preoccupation  with  leveling 
workload  and  increasing  utilization  of  maintenance  specialists  may 
easily  degrade  operational  effectiveness.  Nevertheless,  we  have 
seen  a  number  of  manpower  type  studies  that  explicitly  urged  smooth¬ 
ing  of  workload  and  Increasing  manpower  utilization  upon  base-level 
managers  with  no  apparent  recognition  that  operational  effectiveness 
might  be  compromised  by  doing  so. 

Another  illustration:  we  often  see  flurries  of  concern  because 
leurge  numbers  of  man-hours  are  used  against  a  particular  type  of 
malfunction.  A  closer  look  at  some  of  these  situations  reveals  that 
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this  concern  might  best  be  expended  against  nalfvinctions  requiring 
lesa  dramatic  man-hour  expenditures,  but  vhich  sure  more  likely  to 
affect  mission  capability.  Another  way  of  saying  some  of  this  is 
that  it  often  appears  as  if  we  sure  not  sufficiently  mission  and 
weapon-oriented  in  our  maintenance  management. 

Starting  from  our  four  broad  categories  of  criteria,  we  may 
next  review  briefly  their  meaning  for  our  experimental  plsui. 

First,  in  order  to  obtain  Increases  in  operational  capability, 
we  plan  to  examine  a  range  of  maintenance  policies  that  ore  likely 
to  provide  such  payoffs  as  decreasing  tumeuround  times,  reducing  the 
number  of  late  takeoffs,  improving  EWO  generation  schedules  and  in¬ 
creasing  the  number  of  weapons  in  alert  status. 

Second,  representii^  a  base  through  its  data  system  must  satisfy 
not  only  its  own  oicuiageaent,  but  also  must  meet  the  requirements  of 
higher  comaand  echelons,  AFLC,  and  Hq.  USAF.  Where  possible  we 
shall  try  to  measure  the  effect  of  more  or  less  Infoination  on  opera¬ 
tional  capability  and  flexibility;  where  effects  of  information  can¬ 
not  be  measured,  we  will  strive  to  provide  the  best  InfoxTaatlon 
possible  within  existing  cost  restraints.  We  plan  to  illustrate  ways 
of  obtaining  better  weapon  status  and  operational  readiness  capability 
measurements,  and  improved  maintenance  action  statistics  through  in¬ 
clusion  in  the  data  system  of  such  critical  items  as  team  size,  team 
cootposition,  elapsed  time  for  repair  actions  and  weapon  down-time. 

And  we  shall  also  give  serious  attention  to  the  matter  of  identifying 
Improved  data  ansdysls  and  data  presentation  techniques  that  depict 
base  malnteaiance  activities  and  performance  so  all  users  will  obtain 
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more  easily  and  quickly  the  data  required  for  faster  and  more  re¬ 
sponsive  decision-making. 

Third,  under  inqproved  resource  usage,  ve  shall  concentrate  on 
such  matters  as  reducing  maintenance  man-time  spent  in  data  collec¬ 
tion,  reducing  manpower  required  for  routine  planning  and  controlling, 
and  providing  mechanisms  for  determining  shift  and  scheduling  policies 
that  rationally  befit  Increased  operational  capability. 

The  last  criterion  category  Is  obviously  related  to  the  other 
three.  Improved  data  emanating  from  base  level  should  permit  de¬ 
velopment  of  better  manning  and  equipping  factors  for  both  base-  and 
higher-level  planning.  Similarly,  with  more  precise  and  accurate 
elapsed  time  data,  EUO  planning  Is  likely  to  laqprove.  A  sound  data 
system  should  also  give  firmer  assessment  of  policies  placed  in  field 
test.  And  finally,  auch  AFLC  concerns  as  Inspection  Intervsils  and 
replacement  policies,  should  become  more  effective  as  the  data  system 
draws  a  more  coqplete  and  accurate  pictxire  of  base-level  activity. 
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IV.  POUCY  AREAS 

Ws  ar*  currantly  reviewing  a  large  nunber  of  ideas  on  infoznation 
system  design  and  preferred  policies  for  base  maintenance  orgenlsa- 
tiona.  Some  of  these  ideas  are  available  from  the  RAHD  research  con¬ 
ducted  over  the  past  many  years;  some  have  received  relatively  little 
research  attention.  One  of  our  key  problems  is  isolating  a  manageable 
number  worthy  of  intensive  evaluation.  We  are  using  several  approaches 
to  narrow  dovm  the  field.  On  the  one  hand  we  have  had  many  interac¬ 
tions  with  seasoned  personnel  at  base,  siir  division,  axid  numbered 
Air  Force  levels  in  sm  effort  to  evsiluate  the  ioportance  of  some  of 
the  available  ideas.  (Ve  plan  to  extend  these  discussions  to  major 
air  coooand  levels.)  To  conplement  this  approach  ve  shall,  within 
the  next  month  or  two,  employ  an  all-computer  model  to  screen  other 
likely  «aterratives.  When  ve  have  finally  sifted  through  the  availa¬ 
ble  candidates,  a  most  premising  and  manageable  number  will  be  evalu¬ 
ated  and  demonstrated  in  the  context  of  a  man-machine  simulation 
within  our  Logistics  Systems  Laboratory.  Although  the  final  list  of 
policies  has  not  yet  been  drawn  up,  we  can  at  the  moment  sketch  in 
broad  terms  some  of  our  current  thinking.  For  convenience,  we  will 
discuss  initially  those  policies  relevant  for  the  current  hsudwsure 
data  processing  framework.  Following  that,  we  will  cover  policies 
that  require  ui  advanced  data  processing  hardware  framework. 
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V.  POLICY  IMBOVAncaB  WITHIN  CORRBHT  HARDWARE  WmCWORK 

LBt  BB  rsMMTt  that  our  list  of  pollclea  at  this  tine  la  a 
nanu;  fron  It  wt  shall  select  the  most  promising  ideas  for  IP-IV 
analysis,  final  evaluation  and  demonstration.  Since  we  have  not 
yet  completed  this  sifting  process,  we  hope  that  you  will  add  to 
our  list  and  also  assist  us  in  selecting  those  candidates  worthy 
of  detailed  attention. 

At  present,  our  list  is  so  long  that  it  will  not  he  possible  to 
cover  each  of  the  policy  areas  in  depth  at  this  time.  T9ius,  the 
areas  will  be  covered  in  general  terms;  one  or  two  will  be  given  in 
some  reasonable  detail. 

mOHT-UNE  MAINTgHANCB  DISPAIPCH 

Since  we  are  anxious  to  have  an  impact  on  operational  capability 
it  is  easy  to  understand  our  interest  in  dispatch  rules.  In  this 
area,  we  are  likely  to  examine  a  large  list  of  alternatives.  For 
exaovle,  some  SAC  bMes  batch  discrepcuicies  that  arise  one  day,  and 
schedule  repedr  for  early  the  next  morning.  This  scheme  contrasts 
with  the  SLghblower  concept  at  other  bases,  wherein  a  large  recovery 
team  meets  the  aircraft  on  landing,  works  for  eight  hours  and  if  all 
the  discrepancies  have  not  been  cleared,  turns  the  remaining  schedule 
function  over  to  Job  control.  We  would  like  to  determine  whether 
Important  differences  in  cost-effectiveness  eurlse  as  a  result  of 
variation  in  time  lag  between  discovery  of  a  discrepancy  and  start 
of  the  repair  Mtion.  Perhaps,  instead  of  meeting  the  alzplane  on 
landing  with  a  large  team,  as  is  the  case  in  Hlghblower,  we  can  do 


better  by  using  a  sasH  teem  to  obtain  the  discrepancy  infoxnation 
and  scheduling  repair  vithin  a  few  hours  after  landing.  Several 
other  policies,  not  by  definition  dispatching  policies,  but  ones 
vhich  will  undoubtedly  greatly  aiffect  the  results  of  ax>y  dispatching 
rule  will  also  be  investigated.  For  exsaple,  we  will  ellninate  tail 
nuaber  scheduling  while  adhering  to  a  rigid  flying  schedule. 

saap  MfcHAfflaeiiT 

One  of  the  key  shop  aanageaent  areas  of  investigation  will  be 
the  priority  systen  used  to  select  the  next  Job  for  processing.  Sosa 
of  the  alternative  rules  we  will  study  are:  shortest  coivletlOQ  tlae, 
a  priority  equal  to  sons  function  of  the  present  serviceable  bsQence, 
and  a  priority  equal  to  sosw  function  of  the  stockout  probability  on 
the  particular  iten.  Superiaposed  on  these  priority  rules  will  be 
several  other  policies  including  a  decision  rule  for  pre-eaption  of 
a  particular  Job  in  favor  of  another  one.  we  will  also  contrast  the 
present  centralised  Production  Control  organisation  versus  decentral¬ 
ising  to  the  individual  shops  the  scheduling  and  priority  detenalna- 
tlon.  Before  leaving  the  shop  area,  another  investigation  that  we 
Bight  mention  is  our  intention  to  detenaine  the  rules,  frost  a  cost- 
effectiveness  standpoint,  to  allocate  specialists  between  shop  and 
flight-line  work. 

SUPPLY  SUPPORT 

In  the  supply  area,  ve  are  predoodnantly  interested  in  the 
interactions  between  supply  and  maintenance.  As  a  result,  we  will 
be  inclined  to  study  such  matters  as:  the  scheduling  of  pre-issue 
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•took  repair,  the  availability  of  beach  stock  and  other  bits  and 
pieces,  the  effects  of  supply  shortage  and  oaintenance  reactive  to 
shortage,  the  iqportance  of  response  in  supply  status  reporting  to 
the  oaintenance  operation,  and  the  conditions  under  which  cannibaliza¬ 
tion  and  repair  action  alternatives  may  be  traded  off  with  stockage 
policy  panuaeters. 

REPORTS  AMD  AMALYSIS 

An  inportant  segoent  of  the  Air  Force  is  beconing  quite  sensi¬ 
tive  to  the  need  for  developing  a  highly  professionalized  oaintenance 
analysis  capability.  This  segment  holds  that  the  experienced  crew 
chief  does  not  necessarily  make  for  the  excellent  anailyst.  This 
group  further  believes  that  it  is  becooing  more  and  more  difficult 
to  increase  the  effectiveness  of  oaintenance  organizations  through 
good  experience  and  intuitive  Judgoent  alone.  The  experience  and 
Judgoent  need  to  be  supplemented  by  a  skilled  analytical  staff. 

Vte,  at  RAND,  share  this  concern  for  professionalizing  Air  Force 
mskintenance  analysis  capability.  Thus,  In  tooling  up  for  LP-IV,  we 
have  been  paying  a  considerable  amount  of  attention  to  the  Reports 
and  Analysis  area.  This  attention  has  ranged  across  a  broad  spectrum 
of  probleos. 

Perhaps  our  most  laportant  concern  is  identifying  as  aony  of 
those  Inportant  problems  as  possible  which  maintenance  managers  are 
likely  to  face,  together  with  the  data  required  to  shed  light  on  such 
problems.  Olven  that  the  req\ilred  data  are  identified,  understanding 
machine  techniques  appropriate  to  its  processing  and  presentation  in 
a  timely  and  comprehensible  fashion  is  also  important.  Finding  new 
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•oA  l^portaat  bmiis  of  iaolotiiig  problMu  elOMly  rolotod  to  tbo 
noopon  undorUo*  tbit  proeooo.  Ono  of  SABD'o  atudloo  in  this  eon- 
noetlon  hM  boon  o  toot  in  eoqporotion  with  ADC  ot  Onord  Air 
Foreo  Booo  wboro  o  firot  otop  woo  eloor;  noaoly,  idontifyiog  thoio 
q:uootiona  which  booo  oointonanoo  aonogoaont  noodod  to  onowor,  fol- 
lowod  by  tho  noeoooory  ougoontotion  of  ATM  66-1  doto.  Thio  toot  io 
cuiTontly  in  pragrooo,  but  let  ■»  iUustroto  tho  diroetion  of  thio 
work. 

A  doily  noting  of  oircroft  ototuo  io  provided  to  booo  oainton- 
oneo  aonogoaent.  FToa  thio  lioting^  it  io  poooible  to  follow 
ropidly  and  oooily  action  token  on  a  porticular  aircraft  hour-by- 
hour  or  note  fOiluro  to  take  action,  thuo  ioolatii^  problooM  in  tho 
aanagoaent  of  thio  aircraft  ao  well  ao  inconolotoncioo  in  the  data 
reported  becoaeo  fairly  otraightforvard.  Given  ouch  data,  analyoto 
will  be  in  a  pooition  to  aooeoe  the  otatuo  of  aaintonanco  activitioa 
and  ouggeot  wayo  for  iavroving  thea.  Going  the  oaae  data  collectod 
we  are  able  to  print-out  by  aachlne,  for  each  work  center,  work  per- 
foraed  and  reoourcoo  uoed  bour-by-hour.  In  If-IV  we  plan  to  extend 
thio  developaont  to  further  ioqprove  prooontatlon  aodeo  with  IAN  and 
coogniter  equipaent,  ao  well  ao  ea^lore  additional  aeano  for  adequate¬ 
ly  aianarlzlng  ouch  data  for  uoe  by  Wing  Coaaandora,  nuabored  Air 
Force  echelono,  and  aajor  air  coaaando.  Ibo  aain  point  of  theao  two 
illuotrationo  io  that  we  are  developing  eaoy  aeano  to  anower  key 
aanagoaent  q^eationa  by; 

1.  providing  aore  weapon -oriented  data, 

2.  providing  correct  data. 
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3*  dlaeowriag  unknoim  fketora  and  ralatiooahlps, 

4.  radueiof  eoapratension  tiaa,  and 

5*  iagpro^riag  tha  accuracy  of  tha  coaiprataanaioii  yroeaaa. 

ADOttaar  poaaiblUty  that  va  hava  baan  «e  In  tha  context 

of  IP-XY  la  an  «ieaptlon  raportlna  ayatau  to  auffaant  regular  raporta. 
Obdar  aueh  a  ayataa,  control  Uaita  would  be  eatabliahad  for  auch 
itaua  aa  overtlaa,  HRTS,  leave,  training,  aan-houra  and  clock  boura 
to  fix,  dlacrapanelaa  par  aortla,  ate.  A  report  wuld  be  generated 
when  algnlflcant  "out-of-bounda"  or  "out-of-tolaranee''  coodltlona 
axlat. 

Va  hava  alao  axaalnad  a  large  nuaber  of  nalntananea  aeaauraa  In 
order  to  determine  their  Interrelatlonahipa  and  their  ralatlonahlp 
to  operational  goala  and  aub-goala.  ^though  thla  work  la  In  Ita  early 
pbaaea,  flndlnga  to  date  auggeat  that  aanagera  will  find  It  helpful 
to  know  what  the  explicit  atatlatlcal  relatlonahlpa  are  among  the 
many  available  aeaauraa.  For  exaiqple,  we  have  good  atatlatlcal  eatl- 
aatea  of  the  changea  that  occur  In  overtime,  ahop  production  actlona, 
avqpply  reaponae  tlmea,  and  the  like,  aa  repair  activity  at  the  air¬ 
craft  Increaaea. 

Before  leaving  the  RAA  area,  we  ahould  mention  that  In  our  work 
with  the  15th  Air  Force,  It  became  apparent  to  ua  that  R&A  people  at 
baae  level  and  nuaibered  Air  Force  level  might  benefit  from  an  Im¬ 
proved  underatandlng  and  application  of  atatlatlcal  technlquea.  Aa 
a  reault,  we  have  developed  a  flrat  draft  "do-lt-youraelf"  paper 
covering  atatlatlca  for  peraonnel  currently  In  RAA  organlxatlona. 

In  the  courae  of  UP- IV,  we  plan  to  update  thla  paper. 
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PUMB  AHD  aCHgPULIIIQ 

It  aspear*  likaly  that  tba  introduction  of  a  graatar  aaount  of 
fomal  structujra  to  the  plans  and  sehadullng  procass  will  provlda 
sons  laportant  gains  aspaeially  in  tbs  eontaxt  of  a  aulti-eoaBand 
aultl-vaapon  air  bass.  Rot  only  will  «a  davalop  a  aors  explicit  sat 
of  rules  for  sehsdula  prsparation,  but  we  vould  hops  to  provide  a 
slspls  ■MchanlsB  to  predict  workload  and  status  froa  tbs  schedules. 
Tbs  scbedular  could  then  revise  schedules  until  the  prsdictions 
looked  favorable.  And,  as  was  aentlonsd  earlier  in  another  context, 
we  will  look  closely  at  the  gains  that  eight  be  aade  when  planning 
for  a  fin  flying  schedule  but  relaxing  on  fixed  tall  nuaber  schedul* 
Ing. 


amir  policies 

He  have  observed  considerable  variation  in  shift  policies  ea- 
ploysd  by  different  base  aalntenance  shops.  For  this  reason,  our 
aain  Interest  is  exsainlng  the  benefits  to  be  derived  froa  a  aore 
explicit  shift  policy  change  aschsnlsa.  If  it  should  turn  out  that 
such  a  aschanlsa  has  high  value,  we  would  prepare  a  "eo<Abook'’  on 
how  to  set  up  a  good  fixed-shift  policy,  and  bow  to  deterains  idwther 
tbs  allocations  of  specialists  across  shifts  should  change.  He  plan 
also  to  use  this  approach  in  establishing  an  explicit  control  policy 
regarding  overtiae. 

DATA  IMPUT 

On  the  data  input  side,  we  will  be  studying  the  benefits  and 
costs  of:  using  data  specialists  on  base,  using  data  saapling 
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t«cbalqv*>  In  plnc«  of  obtaining  conplott  data  enuneratlon,  font  and 
coda  design  laprovasents,  error  checking  techniques,  and  simple 
hardware  introductions  like  the  porta  punch.  For  aore  details  about 
this  particular  area,  you  night  wish  to  look  through  B-221  and 
RH-2681.  These  publications  are  in  the  bibliography  at  the  end  of 
this  Menorandua. 

MMnkgMOfr  comoL  sYsrpt  (mcs) 

Ihe  current  MCS  has  a  powerful  effect  oa  the  behavior  of  aana- 
gers  in  the  coosand.  With  our  work  planned  to  define  aore  explicitly 
the  goal  structure  of  66-1,  and  our  anticipated  iaqproved  understand¬ 
ing  of  the  relationship  aaoog  aaintenance  aeasxtres  and  operational 
perfonance,  we  hope  to  explore  in  depth  the  gains  that  would  be 
aade  vlth  the  explicitly  defined  goal  structure. 

MklHTEHAMCE  ACTION  AMD  DBCISIOH-ORIBWTgD  AlULYSES 

Many  Air  Force  activities  and  organisational  eleaents,  off  as 
well  as  on-base,  can  use  Inforaation  about  denand  for  aaintenance 
and  hov  the  deaands  were  aet.  Maintenance  action  data  is  central  to 
the  66-1  syetea,  and  yet  aany  users  are  critical  of  it.  Sosw  cri- 
tlclsa  steas  fron  the  lack  of  definitive  stateaents  regarding  the 
goals  pertinent  to  each  activity  level  and  organisational  unit  which 
66-1  le  designed  to  serve.  Accordingly,  LP-IV  will  catalog  the 
decisions  esich  potential  user  aust  aake,  and  the  data  and  data 
characteristics  required  to  svqpport  these  decisions.  Olven  such 
a  catalog,  we  will  evaluate  the  laportance  of  data  eleaents  thro«g[h 
their  relatiooehlp  with  systea  perfonance.  We  will  also  aeasure 
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tbt  cffset  on  nystM  porforwue*  eauMd  toy  varying  such  poraaetars 
at  accuracy,  tiaalinana  and  Infoiaation  content. 


VI.  FOUCY  naOVATIOWS  WITHIM  ADVAWCED  HARDWMB  HUIgWOBK 


Field  studies  of  tees  aaintenenoe  asnsgsMent  oxsealestlone  beve 
helped  greatly  to  Identify  areas  idiere  increased  use  of  coaputers 
sight  have  som  payoff. 

iwpoT  mvicis 

The  input  data  for  the  AFM  66-1  system  currently  require  main¬ 
tenance  mechanics,  iriienever  they  perform  any  maintenance  work,  to 
fill  out  a  form  that  goes  into  the  aystem  where  it  is  keypunched, 
listed,  analysed  and  so  on.  One  thing  ve  know  about  this  manual 
input  system  is  that  it  is  subject  to  error,  since  people  make  mis¬ 
takes.  These  errors,  hard  to  eliminate,  frequently  enter  analyses 
and  affect  the  entire  management  effort.  WS  will  be  examining  a 
range  of  input  devices  including  the  use  of  the  automatic  generation 
of  malfunction  reports  directly  from  automatic  checkout  equlpsmnt. 

In  effect,  a  card  that  might  be  produced  by  the  automatic  checkout 
equipment  would  replace  aspects  of  the  mechanic's  report.  We  be¬ 
lieve  that  our  investigation  into  alternative  input  devices  could 
liivrove  the  accuracy  in  the  reporting  system. 

Fiias 

It  is  cosiBon  for  several  eletsents  of  a  maintenance  organisation 
to  maintain  their  own  ad  hoc  or  authorised  files  of  information. 

One  apparent  reason  for  this  manual  file  decentralization  is  that 
each  organisational  element  wishes  to  have  access  to  data  it  values 
at  will.  In  the  context  of  LP-IV,  we  will  be  studying  the  value  of 
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Mchanitlog  and  cantralltlog  that*  filas.  With  neebaaisation,  va 
abouU  ba  abla  to  aeerua  banaflta  that  darlva  from  centralisation 
idilla  at  tha  aaaa  tlaa  paralttlag  aaaa  of  aceass.  Such  nachanlsad 
fllas  alght  not  only  contain  Infonatlon  cardinal  to  the  ieauas  of 
weapon  atatus>  but  alao  alght  contain  configuration  control  data, 

TCIO,  periodica,  tlaa  change  requlreaanta,  reparable  control,  naln> 
tananca  handbook  and  tech  data,  as  well  as  raaource  location  and 
status.  Centralised  aachanlsed  fllaa  should  open  new  and  important 
analysis  areas,  since  the  problem  of  correlating  different  kinds  of 
Inforeatlon  should,  be  eased  considerably.  And,  providing  line  aana- 
gars  with  such  access  should  make  it  possible  to  evaluate  the  gains 
that  would  accrue  if  these  saas  files  could  be  Interrogated  by 
higher  level  aanagers  on-base  as  well  as  by  aanagers  who  are  located 
at  higher  echelons  such  as  Air  Divisions. 

DATA  D18PUY 

Ihe  present  66-1  accounting  aachlne  outputs  require  a  large 
amount  of  aantial  labor  to  cull  these  outputs  for  relevant  data  and 
building  graphs  or  histograas.  Maintenance  personnel  are  spending 
considerable  energy  in  asseaibllng  tha  data  for  presentation  to  mana¬ 
gers  for  their  decision-making.  We  will  be  evaluating  the  payoff 
of  extending  coaputer  usage  to  autoamitlcally  printing  out  numerical, 
verbal,  and  spatial  information  in  the  foxm  of  graphs  and  the  like 
for  ioaediate  presentation  to  the  base  manager.  Aa  indicated  earlier, 
we  have  already  obtained  sosw  Interesting  printouts  of  this  kind  which 
have  whetted  the  interest  of  several  maintenance  aanagera  with  whoa 
we  are  working  in  the  Oxnard  experiment. 
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PIAHS  AHD  8CHKDULIW0 

A  coqputer  could  Msist  in  many  tpeciflc  Jobs  nov  done  by  isnin* 
tenance  personnel.  For  exaaple,  Job  shop  scheduling,  perfonsed 
osaually  In  the  Air  Force,  has  been  done  autonatlcally  in  certain 
industrial  applications.  Ve  plan  to  examine  the  usefulness  of  this 
to  the  Air  Force,  ^e  Nslntenance  Plans  and  Scheduling  Office  spends 
considerable  time  under  pressure  putting  together  a  aimthly  schedule 
for  the  organization;  taking  the  (operational  and  aMd.ntenance  require¬ 
ments  for  the  period,  the  availability  of  aircraft,  manpower  and 
equipment;  and  developing  a  detailed  schedule  of  idiat  will  be  done 
during  the  next  month.  Because  operational  plans  change  frequently, 
it  is  cosmon  for  these  Plans  and  Scheduling  procedures  to  be  repeated 
several  tlaws  a  week.  Vte  plan  to  autoemite  this  process  and  provide 
to  Plans  and  Schedules  a  number  of  alternative  possibilities  with 
workload  estimtes  and  probability  statements  of  success  for  eaeh^ 
alternative.  This  approach  proposed  for  monthly  schedule  development 
is  also  to  be  tested  for  the  weekly  schedule  and  the  daily  plan. 

MMlflENAWCE  DATA  COBTOOL  CEHTRAL 

Now,  instead  of  treating  the  autosMtion  of  input,  files,  and 
such  output  functions  as  Plans  and  Scheduling  separately,  we  might 
integrate  these  autosmted  functions  to  the  point  of  having  the  com¬ 
puter  becoBM  a  central  coomunicatloo  feclllty  for  maintenance  manage¬ 
ment.  under  this  concept  much  of  the  means  for  generating  and  main¬ 
taining  files,  and  coessunicating,  processing  and  proposing  alterna¬ 
tive  courses  of  action  would  be  allocated  to  the  coaiputer  and  its 


ftriylwnl  ttaliMnt.  NuiftMat  dacisioiia  vouU  b«  «Uooftt«d  to  tl» 
MB.  Buell  a  eyetaa  aiilit  bo  eliaraetorlMd  bgr  phraMs  eueh  m  "mb 
woridJiB  oc  liB*  vith  the  eoaputar*  or  "muk  baring  dlrtet  aeeaae  to 
tbe  eoaputor."  We  eoo  this  type  of  oparation  eoalng  about  In  two 
pbaaoe.  Figure  1  ebowa  an  outline  of  tbe  flrat  or  eoMunleatlone 
pbaae.  Zn  It,  the  eoaputer  banilee  baele  Mlntenanee  data  and  record 
keeping.  Znput/output  devlcee  are  located  In  tbe  abppe  and  In  vbat 
la  now  Job  control.  All  requeeta  for  action  and  notlcea  of  action 
taken  flow  through  tbe  proceaeor.  It  can,  tbarefore,  perfom  aucb 
laportant  taaka  aa  cheeking  tbe  accuracy  of  data  end  the  impropriate 
aequeuce  of  erenta.  If,  for  exaaple,  neither  the  occurrence  of  a 
delay  or  a  notice  of  Job  etnepletlon  la  received  at  a  given  point 
peat  the  aebeduled  Job  ending,  the  proeeeaor  prlnta  out  a  "echedule 
departure  notice"  for  tbe  Mnager  and  a  "requeat  for  echedule  cheek" 
for  the  ahop  Mnager. 

The  aaount  of  "data  proceaelng"  done  by  tbe  Mlntenanee  mn  la 
reduced.  Fom  of  tbe  210-211  type  are  provided  to  hln  by  tbe  eyaten 
In  Mctalne-readable  form.  He  haa  a  aachine-readable  bodge  to  Iden¬ 
tify  hlnaelf .  The  eyetea  provldea  the  Identity  of  hie  work  center 
and  the  clock  tine  of  each  reported  event.  Since  all  "action  data" 
flowa  through  the  proceaeor,  no  apaclal  and  cuBberaoaM  "historical 
data  eyaten"  la  required.  All  reporta  are  prepared  by  the  proceaeor 
from  Its  data  reservoir  —  the  event  history  file. 

The  first  phase  is  relatively  straightforward  to  develop  and 
inplsMnt.  The  processor  la  not  being  aakad  to  perfom  ccaplex 
tasks,  but  nerely  to  keep  records  and  tranaait  data.  In  the  early 


Fig.  1  —  An  Advanced  Data  Processing  Framework 
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op«r«tl(»  period,  MM  eoofuelon  end  proiblMM  are  eur*  to  exlit.  Oneo 
tte  syetM  is  abakea  down,  howavar,  tha  data  flowa  ahouM  ba  aeeurata 
and  rallabla.  At  thla  point  tha  Moond  ptaaaa  can  begin. 

Fhaaa  two  viU  incorpoxata  acne  anaXyaia  funetiona  into  tha 
proeaaaor  itaalf .  For  axaapla,  tha  computer  on  receipt  of  oparaticoal 
raq^iraMnta  and  dlaerapaney  infoxmtloci  would  prepare  propoaad  al« 
tamativa  achadulaa,  would  advlaa  ahopa  to  diapatch  certain  aklUa 
and  aqulpaant  to  a  particular  aircraft  at  a  particular  tiaa,  would 
ba  advlaad  directly  of  coaplatad  rapalra,  would  propoaa  achadula  ra- 
vlaiona  and  would  routinely  prepare  regular  raporta  aa  wall  as  spe¬ 
cial  reports  aa  a  result  of  intarrogatiaus  by  aanagara.  This  kind 
of  ayataa  aay  ba  an  aspacially  attractlwa  cue  to  study  in  tha  context 
of  tha  ■ulti-wsapon-anxlti-eoanand  aattlng. 

qUALITT  COIROL  CHKIS 

under  currant  proeaduraa,  coavutara  are  being  used  at  Depot 
laral  to  parfom  only  nodeat  typaa  of  66-1  data  checks.  Wa  anvlaian 
using  computers  oo-baaa  to  parfora  extanslTa  conaistency-typa  checks 
and  proTida  feedback  to  tha  person  generating  the  report  whan  errors 
haws  bean  coaBittad. 

roRMB  AMD  caEa 

We  Bight  do  well  to  touch  upon  tha  design  of  codas  and  foxas 
within  tha  currant  data  procaaslng  ftraaework  as  wall  as  an  advanced 
hardware  fraaawork.  It  was  not  too  long  ago  that  fora  completion 
could  ba  charactarisad  by  verbal  inforaation.  With  tha  shift  to 
aachina  processing,  there  has  bean  the  tandancy  to  have  tha  aan  fill 
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out  torn*  in  vaya  that  appanred  to  ba  convanlant  to  tha  aachlne.  Ha 
hava  uadarway  a  aida  atudy  in  tba  hunan  factora  of  fora  daaign  and 
fora  eodinf.  Tha  raaulta  of  thia  atudy  ahould  taalp  varlfy  a  trand 
away  tram  atraight  randoai-typa  nuaarical  codaa  to  a  Judicioua  eoaibina- 
tion  of  alpba-manarie  coding  ^eh  can  ba  handled  nora  aaaily  by  tba 
huaatn  xacordar.  Thia  atudy  ahould  alao  add  to  our  inforaation  eon- 
earning  datail  lavala  that  tha  huaan  raeordar  can  handle  through 
coding  atrueturaa,  aa  wall  aa  aethoda  apprc^rlata  to  training  par- 
aoonel  in  coda  uaa. 
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vn.  BH  MMmocHio  aatmnM  atami 

sine*  a  anjor  itanr*  of  th*  IP>IV  1*  to  Im  Inveatod  in  ttet 
r****reh  ttetaniqM*  irttieh  w*  r*f*r  to  a*  nan  aartrint  aiaulatlon  (or 
■aaatlaaa  aa  "gaaa'alaulatlan''),  it  aitbt  b*  approprlata  for  u*  to 
ap*nd  aovoral  ainut**  doseribing  thla  taebniqbn* 

As  you  a**  froB  Fig.  2,  aan-asrhina  aiaulatlon  is  aada  up  of 
tbrs*  aajor  eoaponants  ~  AF  participants,  th*  lab  staff,  and  th* 
eoaputor.  Tb*  AF  participants  vlU  us*  th*  poliei**  iriiieh  w*  ar* 
int*r*st*d  in  obaarving,  avaluatlng  and  dsaonstrating.  As  eurrantiy 
anriaionad,  v*  will  bar*  on  our  IF>I?  floor  ths  SCM,  Job  Control, 
Production  and  Natarial  Control,  Nslntanane*  Plans  and  Sehsdulas, 
Raports  and  Analysis,  and  Work  Cantor  suparrlsors.  I  should  lika 
to  aaptaasisa  that  thas*  Laboratory  actlvltias  ar*  to  b*  Banned  by 
aaparlanead  AF  aanagars.  They  will  parfoni  in  the  laboratory  those 
functions  that  they  parfons  in  the  real  vorld  such  as  sehaduUng, 
dispatching,  controlling  raparablas,  coaplatlng  and  aaintainlng  th* 
AF  aaintananc*  data  systaai,  and  analjfsing  parfomanca  of  the  total 
aaintananea  systaa  as  wall  as  individual  alsaents  of  the  systaa. 

If  «a  have  don*  our  boaswork  wall,  the  aanagars  on  our  Laboratory 
floor  will  consider  that  the  problaas  they  face  are  siallar  to  ones 
they  axperianee  in  the  real  world,  and  that  the  resources  they  ar* 
able  to  aanlpulat*  in  the  Laboratory  likawlsa  raseabla  the  rasoureas 
capabilities  available  to  then  in  real  world.  Ibay  will  then  b* 
able  to  help  us  datarain*  how  wall  the  proposed  changes  to  the  cur* 
rant  systaa  night  work  in  the  real  world,  and  perhaps,  they  will 
help  us  to  naka  even  other  changes  for  the  batter. 
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AIR  FORCE  PARTICIPAirrS 
DCM 

PLANS  AND  SCHEOJIES 
JOB  CONTROL 

► 

PRODUCTION  CONTROL 
REPORTS  AND  ANALYSIS 
W.  C.  SUPERVISORS 


SCH£DUI£ 

DISPATCH 

CONTROL  REPARABLES 
HAINTAIM  AF  DATA  STSTEM 
ANALYZE  PERFORMANCE 


LABORATORY  STAFF 
COMPUTER  I/O 
SIMUUTE  OTHi^  ECHELONS 
EXPERIMENTAL  AND  QUALITY  CONTROL 
CLOCK  MANAGEMENT 


COMPUTER 

GENERATE  DISCREPANCIES 

CCMffUTE  JOB  TIMES 

KEEP  TRACK  OF  TIME,  MAINTENANCE 
MEN,  JOBS,  PARTS,  WEAPONS  AND 
EQUIPMENT. 


Fig.  2  —  The  Man-Machine  Simulation  System 
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As  you  esn  SM  froB  Fig.  2,  yroblsas  coafronting  ths  osnagtr 
•nd  ths  rssouress  svmllsbls  to  hla  to  solvs  thsa  srs  lodged  end 
generBted  vlthin  the  eooiputer.  This  ecsqiuter,  sn  IBM  l401,  is  also 
on  the  Lsboxmtory  floor  end,  es  you  can  see  from  Fig.  2,  provides  a 
Mans  for  generating  weapon  Mlfunctlons,  aitd  a  Mans  for  Mking 
available  the  Mn,  eqplpaMnt,  weapons,  parts,  etc.  necessary  for 
the  nansger  to  carry  on  his  Mnagerlal  functions. 

Figure  2  describes  briefly  the  functions  of  the  Lab  staff  during 
the  course  of  a  run.  Our  Maintenance  Managers  on  the  laboratory  floor 
will  need  to  talh  to  Operations,  higher  echelons,  and  other  organlca* 
tlonal  eleMnta  In  the  course  of  their  typical  activities.  Though 
we  are  not  partlcularlor  interested  In  studying  the  Internal  opera¬ 
tions  of  these  "eabeddlng"  orgaiilsations,  they  oust  be  represented 
If  we  are  to  create  realistic  settings  In  which  the  aaintexance 
Managers  are  to  operate.  "Bribeddlng"  functions  are  represented  by 
our  Lab  staff  as  well  as  by  AF  personnel  on  what  we  call  "Top  Deck" 
Wtlch  plays  the  role  of  InterMediary  between  the  Manager  and  the 
Manager 'e  world  located  In  the  conputer.  Conputer  access  for  Input 
and  output  is  thereby  arranged  throi^  "Top  Deck."  "Top  Deck"  also 
exercises  laportant  functions  related  to  experlMntal  and  quality 
control. 

The  three  coavonents  briefly  described  sdgbt  operate  in  the 
following  way.  "Top  Deck"  any  announce  an  qperatlonal  progroM,  the 
Maintenance  objectives  and  Maintenance  policies.  These  goals  are 
fed  into  the  Maintenance  planning  functions  of  the  organisation 
reprsMnted  by  our  floor  participants.  These  detenlne  the  schedules 
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to  to  i^plMMQtod.  Our  aanactra  vouU  than  taka  varioua  actions  to 
Mat  tha  sehadula.  Bovavar,  as  thay  "Mvad"  thair  vaapons  in  tha 
eoaqputar  froa  ona  status  to  anotbsr,  thay  vould  find  that  aalfune- 
tions  arisa  of  apporoxlMtaly  tha  sum  kind  and  fraquancy  that  occur 
with  thair  raal-world  countarpart  vaapons.  If,  for  axsapla,  a  hy¬ 
draulics  aalfunction  occurs  and  chanfss  tha  status  of  tbs  veapon, 
that  infozaation  vould  ha  fad  Job  Control  calling  for  hydraulics 
specialist  dispatch.  Job  Control  vould  arrange  for  tha  dispatch 
vith  tha  Work  Canter  Supervisor  vho,  in  turn,  Infons  tbs  coaputar 
that  such  and  such  a  task  had  to  be  dona  on  such  and  such  an  aiiplana. 
Ibis  vould  change  tha  status  of  a  hydraulic  specialist  inside  tha 
coaputar  froa  "availabla  for  assignMnt"  to  "assigned"  to  a  particu¬ 
lar  Job.  Ha  vould  be  held  in  that  status  for  an  approprlata  period 
of  tiM,  until  a  report  vould  com  back  to  Job  Control  Canter  that 
the  aaintananca  action  vas  dona.  This  specialist  would  than  revert 
to  "available  for  assignasnt"  status.  Ibis  sequence  vould  also 
Bodlfy  tha  status  of  tha  aircraft;  the  Job  vould  have  been  aceon- 
plishad,  and  the  aircraft  vould  revert  to  "alert." 

In  addition  to  the  infoimtlcn  systan  available  to  the  partici¬ 
pants,  for  axsMl*,  the  existing  66-1  or  a  aodified  version,  ve  have 
devised  a  lab  data  aystasi  irtiich  peredts  us  to  obtain  data  not  noxMlly 
available  to  aanagere.  ibis  provides  us  with  detailed  data  vith 
which  we  can  analytically  aaeaas  the  adaquapy  of  som  policy  or  sets 
of  policies  under  study. 

As  you  can  iaagina,  activating  a  realistic  AT  organisation  on 
tha  floor,  in  tha  coaputar,  and  on  "Tqp  Dock"  takas  a  lot  Mrs  detail 


tbin  aost  otter  toetaoltUM  VMd  In  tte  MMsaMnt  of  — nf  i—nt 
poUeios,  with  tte  possiblo  «xeoption  of  ronl-vorU  fiold  tosto. 

Tter*  is  obviously  n  bic  stop  botwoon  o  good  idso  eteeted  out  through 
SCBM  snslytie  toehniqus,  and  laplowmtiag  this  idso  in  tte  eontoxt  of 
o  eoapUeotod  orgonisotionol  frsoMWork.  Tte  asn-aoehiao  loborotory 
providss  us  with  o  asons  for  gotting  closo  to  tte  proetieol  oad  aessy 
problsBS  of  rool-world  iaploaentotion  without  losing  iivortant  experi* 
asntol  control  poraittad  by  tte  loborotory.  in  wo  think  wo 

will  hovo  dovolopod  tte  bosie  fraaework  for  testing  the  policies  that 
ere  worthy  of  test.  We  also  think  the  Air  Force  will  find  tte  Loboro¬ 
tory  o  useful  vehicle  for  checking  out  and  developing  tte  procedural 
details  of  policies.  Such  a  system,  fairly  q.\ilck  end  relatively  inex¬ 
pensive,  should  assure  saoother  and  more  successful  field  tests. 
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vm.  APPROACH 

As  a  first  stsp  la  tbs  achiewssat  of  tbs  objeetlvss  fnaad  for 
vs  bass  bssa  spsadlag  a  eoasiderablt  aaouat  of  time  on  a 
awbsr  of  air  basss  vitbla  SAC,  ADC,  aa&  HKTS> 

Ito  supplSMat  tbs  lofonaatlon  avallabls  through  backgrouad  rs- 
ssareh  aecooipllsbsd  by  RAMD  aad  otbsrs,  vs  rsvlsvsd  vith  bass  aaia- 
tsaaacs  psrsonnsl  tbs  kinds  of  decisicms  tbsy  aaks,  tbs  kinds  of  In- 
fonsatlon  tbsy  nssd  to  aaks  thsse  dscislons,  tbs  kinds  of  Infonaation 
available  to  then,  what  they  do  vlth  tbs  iafoxaation,  vhsre  they  get 
It,  and  the  like. 

Ve  also  spent  considerable  time  Identifying  signiflecuit  problem 
areas  vlth  base  personnel. 

In  order  to  build  the  nan-machine  models  which  realistically 
represented  base  maintenance  organitatlons,  it  was  necessary  to  have 
in  detail,  not  only  operating  px^}cedures,  but  malfunction  rates  of 
parts,  the  kinds  of  people  required  to  do  different  kinds  of  main¬ 
tenance  work,  the  kinds  of  equipment  they  need,  the  times  required 
for  repair,  and  so  on.  In  contrast  to  previous  IP's,  we  made  an 
early  decision  in  If-IV  to  use  to  the  maximum  extent  possible  main¬ 
tenance  data  accumulated  under  the  current  AIM  66-1  in  order  to 
stock  the  computer  and  floor  models.  The  wisdom  of  this  decision  is 
still  being  debated  by  some  members  of  our  staff.  To  use  the  66-1 
data  in  our  Laboratory,  it  was  necessary  to  examine  it  in  detail  and 
"work  it  over"  in  ways  not  typically  done  by  the  field.  The  prepsura- 
tion  of  the  data  for  Laboratory  use  took  us  many  more  man-hours  than 
anticipated.  We  have  several  important  consolations,  however: 
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One:  Our  knowledge  of  66*1  d«te  and  its  characteristics 
has  grown  hy  leaps  and  bounds.  Vfhat  we  learned  is  currently 
being  documented  so  that  those  of  you  who  are  interested  in 
such  details  can  share  the  outcones  of  the  weary  hours  spent 
with  the  data. 

Two:  Since  we  are  using  real*world  data,  when  we  run  the 
Laboratory  we  will  be  in  a  position  to  estimate  whether  our 
Laboratory  models  operate  similarly  to  the  models  that  exist  on 
base.  We  will  be  able  to  coagpare  Laboratory  alert  rates, 
turnaround  times,  malfunction  rates  and  the  like  with  the  rates 
as  they  occur  in  the  Air  Force.  Furthermore,  we  will  be  able 
to  assess  whether  measures  in  the  world  covary  as  they  do  in 
the  Laboratory.  For  example,  in  the  real  world  we  have  corn- 
puted  the  relationship  that  exists  between  sortie  rate  and  over¬ 
time  rates.  We  hope  to  approximate  such  rates  in  the  Laboratory. 
Thus,  you  can  see  that  we  are  initially  building  a  benchoaark 
case  which  approximates  current  AF  practice.  This  benchmark  provides 
the  yardstick  from  which  we  subsequently  will  measure  the  effects  of 
policy  innovations.  For  the  benchmark  case  or  "B"  run  as  we  call  it, 
we  have  data  frc»  B-52/XC-13$  organ! aatlons. 

While  some  of  us  have  been  concentrating  on  the  problems  of 
building  the  Laboratory  models  and  gathering  data  for  stocking  these 
models,  others  of  us  have  been  reviewing  the  various  management 
system  ideas  that  have  developed  over  the  years  through  experience 
and  research.  A  slMlar  process  has  been  going  on  with  regard  to  the 


32- 


various  nslntenance  policy  ideas  that  are  available  to  serve  as 
policy  directiois  for  LP>IV. 

Our  strategy  is  to  plan  for  what  vt  call  a  "B-*-!"  set  of  runs 
and  a  set  of  runs.  The  foxner  would  involve  "modest"  policy 

innovations  —  ones  that  could  be  implemented  in  the  Air  Force  in 
less  than  one  year.  The  latter  would  involve  policy  Innovations 
that  would  tsAe  on  the  order  of  several  years  to  loplement  within 
the  Air  Force.  One  of  our  several  problems  in  this  area  is  to  select 
from  all  of  the  alternative  ideas  available,  and  package  them  for  our 
"B+l"  and  "B+5"  runs. 

One  Important  technique  that  we  are  using  to  select  out  the 
promising  alternatives  for  the  "B-«-l"  and  "B-*-$"  is  an  all*ccmputer 
model. 

But  despite  the  several  techniques  available  to  us  in  choosing 
proedsing  policy  alternatives,  we  consider  it  important  that  repre¬ 
sentatives  from  Hq.  USAF  and  from  several  major  air  ccnsmnd  head¬ 
quarters  participate  in  the  final  policy  determination  deliberations. 
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nc.  cmwBiT  anmis 

For  tho  pMt  Mvtrol  vMks,  «•  hav*  boon  in  "aoekup"  aod*. 
n>lt  pomlts  vm  to  wring*out  our  aodols  and  proeaduran  in  aaiuial 
fora.  That  ia,  wa  ara  in  tha  throaa  of  activating  our  basa  sadn- 
tananea  organisation  without  banafit  of  tha  eoaputar  on  tha  floor. 
Whila  %ra  ara  vrlnging>out  floor  procadtiraa,  inforaatlon  proeesslng 
proeaduraa  and  tha  lika,  our  prognuawra  ara  busily  prograaKing  tha 
l401.  Paranthatleally,  I  should  aantion  that  our  usa  of  a  aoekvqp 
in  tha  laboratory  has  an  iaportant  raal  world  application.  When 
installing  a  new  inforaation  systaa,  tha  aoekup  approach  is  a  useful 
Beans  for  debugging  it.  Wa  will  be  docuaanting  the  usa  of  aockups 
for  such  purposes  in  the  near  future.  In  any  event,  our  expectation 
is  that  we  will  be  ready  for  conputer  supported  runs  or  "record  runs" 
of  our  B'>52/10C'‘133  bencfaaark  case  in  Januaury,  I963.  Prior  to  the 
BDCkup,  the  13th  Air  Force  provided  significant  project  support  by 
permitting  our  people  to  visit  several  of  their  bases,  gather  data 
of  all  types  and  observe  in  depth  maintenance  aanageaent  activities. 
During  the  aoekup,  the  13tb  Air  Force  has  provided  three  of  their 
experienced  managers  to  paurticipate  in  our  60-day  effort  to  activate 
our  simulated  Air  Base.  Obviously,  we  would  not  have  bean  able  to 
make  the  progress  we  have  without  the  svpport  from  the  13th  Air 
Force.  We  are  grateful  for  tills  fine  support  and  their  continuing 
assistance  assures  us  that  the  benchmark  record  run  will  be  a  reward¬ 


ing  one. 
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X.  luroiae  plamb 

ZaMdiat«ly  following  the  bonctannrk  run  •laulatlng  a  SAC  aaln- 
tonnae*  ■aangoatnt  organlnation,  w»  intend  to  embark  on  a  eeriee  of 
B>1  innovations.  However,  before  we  do  this,  we  propose  that  repre* 
sentativea  of  H^.  USAP,  SAC,  AOC,  TAC,  AFLC,  or  other  ccnBMmds  meet 
with  us  in  Santa  Monica  for  a  day  or  two  in  January.  Such  a  meeting 
would  review  in  depth  the  policy  innovations  to  be  run  during  calendar 
1963.  In  addition  to  discussions  regarding  policy  Innovations  to  be 
subjected  to  the  man-machine  simulation  test,  this  meeting  should 
also  cover  such  items  as  validating  our  SAC  benchmark  run  in  the  con¬ 
text  of  another  eonmand  and  across  consmnds,  maintenance  management 
training  requirements,  (uod  selected  radical  changes  in  base  opera¬ 
tions  and  logistics  policies  and  concepts  that  are  being  planned  or 
explored  by  the  operational  cosmands.  The  inclusion  of  the  antici¬ 
pated  operational  concepts  in  LP-IV  should  further  assure  us  that  the 
outcomes  of  LP-IV  are  Indeed  relevant  to  the  future  as  well  as  the 


present . 


-35- 


XI.  CONCLUSIOM 

M  anticipate  that  the  intensive  efforts  of  LP>IV  in  behalf  of 
base  aaintenance  nanagemsnt  and  infoxnation  systems  will  contribute 
significantly  to  improving  these  activities  on  base.  To  be  sure  that 
payoff  from  IP- IV  does  not  need  to  await  final  outcomes  of  the  pro¬ 
ject,  %fe  are  phasing  our  work  so  that  findings  for  innovations  that 
do  not  reqxiire  new  equipment  developments  will  become  available  in 
early  stages  of  the  project.  Purthermore,  in  preparation  for  our 
man-machine  runs,  we  are  doing  a  significant  amount  of  analytical 
work.  The  findings  will  become  available  as  rapidly  as  they  can  be 
documented.  We  also  believe  that  our  Interactions  with  beuse.  Air 
Division,  and  numbered  Air  Force  personnel  in  the  last  several  months 
has  been  of  mutual  benefit.  IP- IV  is  dedicated  not  only  to  making 
new  findings,  but  communicating  old,  as  well  as  new  findings  to  the 
Air  Force;  we  trust,  therefore,  that  we  will  be  able  to  work  out  a 
sensible  approach  to  the  problem  of  assiuring  good  information  feed¬ 
back.  We  suspect  that  one  approach  to  the  feedback  issue  is  the 
presentation  of  findings  to  appropriate  audiences  within  the  context 
of  brief  demonstration  runs  of  our  man-machine  simulation.  We  be¬ 
lieve  that  the  asKxmt  of  detail  and  realism  built  into  our  man- 
machine  simulation  will  better  permit  our  Air  Force  audience  to 
assess  the  relevance  of  our  findings.  Hopefully  too,  presentation 
of  major  findings  in  the  context  of  a  brief  demonstration  run  will 
sensitize  our  audiences  to  the  opportunities  that  exist  for  the  ex¬ 
perimental  exploration  of  the  future  --  today. 


-37- 


BIBUOCmAPHY 


Elolse  E.,  and  V.  H.  McOlothlin,  A  Model  for  Assessing  the  Ef¬ 
fect  of  Malntananca  on  Mlesile  La\mch~R5llai)lllty.  The  RAlb  Corpora¬ 
tion/ RM^2U5l  (ASTIA  No.  AD  SeptemUr  1959- 

Bell,  C-  ?>,  Influence  of  Resource  and  Policy  Changee  on  Aircraft 
Capabilities.  The  RAMP  Corporation.  R-382  (ASTIA  No.  AD  266147), 
Au^t,  19^1. 

Plrstfflan,  S.  I.,  and  B.  J.  Voosen,  Mlsalle  Prelaunch  Confidence  Check¬ 
out;  Content  and  Equlpaent  Design  Criteria,  The  RAW)  Corporation, 
RM-2<t85  (ASTU  Ho.  ^137091),  February  22,“  i960. 

Oalnen,  Leon,  R.  A.  Levine,  and  V.  H.  McOlothlln,  Baaeloga  --  A  Baae 
Logistics  Manegeaent  Oame,  The  RARD  Corporation,  RM-20B6  (ASTIA  No. 
AD  144295},  January  0, 

OelBler,  M.  A.,  Relationships  Betveeia  Weapons  ax>d  Logistics  Expendi¬ 
tures,  The  RAND  Corporatl^,  RM-17b6  (ASTIA  No.  AD  112413),  August 

2S7T»6. 

Oelsler,  M.  A.,  and  J.  A.  Postley,  Research  and  PevelopBiBnt  of  a  Nev 
Data,  Processing  aystea  for  Air  Force  Logistics,  The  RAND  Corpora- 
tion,  Rk- 1639-1  (Aotu  No.  AD  96^03),  June  13,  1956. 

Johnson,  R.  E.,  An  Experiment  In  Aircraft  Status  Prediction,  The  RAND 
Corporation,  RM-2731  (ASTIA  NO.  AD  257935)*  »fcy  2^  1961. 

Ksnlns,  Milton,  Determining  Checkout  Intervals  for  Styetems  Subject  to 
Random  Failures,  The  RAND  Corporation,  RM-1^$76  (ASTIA  No.  AD  2U73B3) 
June  15,  19W" 

Karr,  H.  W.,  M.  A.  Oelsler,  and  Bernice  B.  Broun,  A  Prefen^  Method 
for  Designing  a  Flyaway  Kit.  The  RAND  Corporation,  RM-l4$6  (ASTlir' 
No.  W)  67175},  May  19,  1955- 

Levine,  R.  A.,  Org^Mttlonal  Support  of  B-52  Alert  (U),  The  RAND 
Corporation,  RM>2511,  January  I960  (Secret). 

Levine,  R.  A.,  and  R.  B.  Rainey,  A  3AC  Alert  Concyt  for  tiie  pMdl- 
ate  Futiue  (u).  The  RAND  Corporation,  RN-2^63,  Jeuiuary  57  ^9^ 
(secret). 

-- — ,  F-102  Maintenance -Operations  Interactions  (U),  The  RAND  Corpora 
tlon,  August  lb,  1959  (Secret). 

— ,  Pie  Base  Maintenance-Operations  Model  Used  In  RAND  Logistics 
Research.  The  RAND  Corporation.  ^2j?V'(A5HA  NO.  AD 
my  4,  i»9. 


38. 


Polltck,  S.  L.f  IlactiyDle  Data  ProctMing  Control  of  Air  Force  Soto* 
Parti  Invntori«>.  Th»  llAMb  CorpormtionT  RM-20I3  (AsnA  !te.  Xb 

iovoSitr  Ik,  1957. 

— — ,  Thi  Roli  of  Data  Input  In  Autottie  Data  Prociiiing  SystiM. 
The  RAHD  Corporation,  RIi^26m  (as!^  Bo.  AD  252916),  Oaeauer  9> 

i960. 


Postley,  J.  A.,  and  S.  L.  Pollack,  A  Data  PrDceaalag  Concapt  for  Air 
Force  Baaea.  The  BAUD  Corporation/ RM-223^,  SeptMber  5,  1958. 

Rauner,  R.  M.,  and  V.  A.  Stager,  Slnulatlon  of  ICBM  Support  (u),  The 
RAND  Corporation,  R-369  (ASTIA  No.  AS  323?^)/  Itoveatber  1,  19^ 
(Secret). 

Seven,  V.  P.,  Ifcintenance-Qperationa  Interactiona  at  Baae  Level.  The 
RAND  Corporation,  RM>1960  ^ASTIA  NO.  AD  1^30^5 )>  Auguat  1,  1957 
(Uhclaaaified  —  for  Official  Uae  only). 

Smith,  T.  C.,  Cnmaand  tfcnagenent  of  P-IOSA  Readineea  (u).  The  RAND 
Corporation,  RM>2436,  Avguat  lb,  1959  (Secret). 

......  Managing  Shop  Vorkloada,  The  RAND  Corporation.  RM-3003  (ASTIA 

No.  i^S75I5^,  fhVii\jiry,"T5®. 

tfcnaglng  Strike  Alert  Conmitnenta  (U),  The  RAND  Corporation, 
RN-2599>  Jhna  24,  i960  (secret). 

aaith,  T.  C.,  R.  B.  Briatol,  Jr.,  and  R.  S.  Beverly,  Project  FULL 
HOUSE  Logiatica  Data,  The  RAND  Corporation,  RM-2296,  September I6, 
1938  (Unclaaaified  --  for  Official  Uae  only). 


Stoller,  D.  S.,  The  Maaaurgaent  of  Mlaaile  Reliability  in  Prepunch 
Operating  Bnvlroonenta.  !rt>e  RAND  Corporation,  RM-250B  (ASTIA  NO. 

AD  236445),  January  1,  i960. 

Stoller,  D.  S.,  and  R.  L.  Van  horn.  Management  Information  for  the 
Maintenance  and  Operation  of  the  Strategic  Mleelle  Force,  The  RAND 
Colouration,  RM-2l3l,  April  30,  199^. 

Sweetlend,  A.F.M.,  Qpe^tlona  and  Support  Scheduling  Methods  Derived 
from  laboratory  piro))lem  11  (u-IIj;  A  Manned  ICBM  Simulation.  The 
RAND  Corporation,  RM-2669  (i^IA  No.  AD  ^69716 )>  Nhvemher,  I96I 
(Unclaaaified  —  for  Official  Uae  only). 

Van  Bom,  R.  L.,  The  MeMurement  and  Control  of  Weapon  Statua.  The 
RAND  Corporation,  B-2^i,  November  29,  1960. 


Vooaen,  B.  J.,  A  Math^  for  Eatlaating  Direct  Squadron  Peraonnel 
Requiremanta  via  Malfunction  Ratea;  An 
IC^  (U).  iha  RAHD  Corporation.  RM-P<^ 


